of this, MSDR clusters in families and healthy firstdegree relatives of Type II diabetic patients have increased frequency of abdominal obesity, insulin resistance and dyslipidaemia [8] . In addition, many of them have a decreased metabolic rate [8] . Abdominal obesity in association with the characteristic dyslipidaemia and low basal metabolic rate points at disturbances in abdominal fat lipolysis.
Hormone-sensitive lipase (HSL) is the rate-limiting enzyme in the breakdown of triglycerides in adipose tissues. The enzyme is activated by catecholamines through cAMP-dependent phosphorylation, whereas insulin prevents this phosphorylation through increased hydrolysis of cAMP [9±11] . Lipolysis and lipid metabolism are disturbed in patients with Type II diabetes [12] , MSDR [13, 14] and in subjects of normal weight with a family history of diabetes [15] . Therefore, genetic variants of the HSL gene could be related to abnormal lipid metabolism, abdominal obesity or Type II diabetes.
The HSL gene is located on chromosome 19q13.1± 13.2 [16] . The adipocyte isoform of HSL is encoded by 9 exons [17] . Adipocyte HSL is composed of two major domains of which the N-terminal domain is largely encoded by exons 1±4 and the C-terminal catalytic domain by exons 5±9 [18] .
To study whether alterations in the HSL gene contribute to the development of MSDR, we carried out association studies and an extended transmission disequilibrium test (ETDT) using a polymorphism in the HSL gene and screened the coding regions of the gene for mutations in diabetic and nondiabetic abdominally obese subjects with MSDR. As an additional functional marker for HSL catalytic capacity we used the in vitro maximum lipolytic rate of subcutaneous adipose cells [13, 14] .
Subjects and methods
The study consisted of four parts. In the three first studies we analysed association and transmission disequilibrium between a polymorphism in the HSL gene (LIPE) and MSDR or a low lipolytic rate. In the fourth study we carried out mutation screening of the HSL gene in abdominally obese subjects with MSDR.
Subjects and study design. MSDR was defined by waist-to-hip ratio (WHR) > 1.0 (men) or > 0.9 (women) and HDL < 1.0 mmol/l (men) or < 1.1 mmol/l (women).
1) In the association study with MSDR as the phenotype, 78 Type II diabetic patients with abdominal obesity and low HDL cholesterol concentrations (MSDR/Type II diabetes), 157 nonobese Type II diabetic patients with normal HDL (nonobese Type II diabetes), and 37 abdominally obese subjects with normal glucose tolerance (NGT) and low HDL cholesterol concentrations (MSDR/NGT) were compared with 146 unrelated nonobese, healthy control spouses with NGT and normal HDL cholesterol concentrations and without family history of diabetes. Clinical characteristics of the three study groups are shown in Table 1 . There was a family history of Type II diabetes in 27 of the 37 MSDR/NGT subjects. All subjects were unrelated and selected from the Botnia region in western Finland or from southern Sweden. All groups were matched for ethnicity and statistical tests were done to assure that allele frequencies did not differ between the different subgroups from the two regions. , plasma triglycerides 1.5 ± 1.0 mmol/l, HDL 1.28 ± 0.33 mmol/l in men and 1.42 ± 0.35 mmol/l in women, while their homeostasis model assessment (HOMA)-index [19] for insulin resistance was 2.5 ± 2.1. Control allele frequencies were determined in 162 unrelated spouses with NGT, lipid metabolism and body constitution, and without family history of diabetes.
3) In the association study with lipolytic rate as the phenotype, 214 unrelated subjects from Sweden with a wide range of BMI (18±60 kg/m 2 ) were divided into tertiles of isoprenaline-stimulated lipolytic rate in abdominal subcutaneous adipose tissue, after correction for age and mean volume of subcutaneous fatcells [13, 14] . For the analysis of allele frequency distribution, 71 subjects from the highest tertile were compared with 71 subjects from the lowest tertile (Table 2 ). 4) For mutation screening, 50 subjects with MSDR were chosen from the abdominally obese patients included in the association study. Of them, 20 subjects (11 men and 9 women, 17 Type II diabetic and 1 IGT, age 55.5 ± 14.2 years, WHR 1.00 ± 0.08, HDL 0.85 ± 0.23 mmol/l) were screened for all exons and the remaining 30 subjects (19 men and 11 women, 18 Type II diabetic and 9 IGT, age 58.0 ± 13.2 years, WHR 0.99 ± 0.07, HDL 0.92 ± 0.18 mmol/l) for exons 4, 6 and 8. In addition, 39 hypertriglyceridaemic subjects (23 men and 16 women, 27 Type II diabetic and 3 IGT, age 55.5 ± 14.7 years, plasma triglycerides 6.4 ± 1.4 mmol/l, WHR 0.89 ± 0.06) were screened for mutations, of whom 10 were screened for all exons and 29 for exons 4, 6 and 8.
Clinical investigations and laboratory assays. Waist circumference was measured with a soft tape on standing subjects midway between the lowest rib and the iliac crest and hip circumference over the widest part of the gluteal region [8, 12] . Mean blood pressure values were calculated from three recordings taken from sitting subjects 30 min after rest. Serum total cholesterol, HDL and triglyceride concentrations were measured on a Cobas Mira analyzer (Hoffman LaRoche, Basel, Switzerland). Serum non-esterified fatty acids (NEFA) were measured by microfluorometric assay [20] and serum insulin (Pharmacia, Uppsala, Sweden) and C-peptide [21] concentrations were measured with radioimmunoassay. Type II diabetes and IGT were diagnosed by WHO criteria [22] . The HOMA-index (fasting insulin times fasting plasma glucose divided by 22.5) [22] was used to estimate the degree of insulin resistance (reference value defined as 1.0 for a healthy subject with normal weight and age < 35 years).
Lipolysis assay. Subcutaneous adipose tissue was obtained by taking biopsies either during local anaesthesia or, for elective surgery, during general anaesthesia. The lipolytic measurements are comparable during both local and general anaesthesia [14] . Isolated adipocytes were prepared and incubated with increasing concentrations (10 13 ±10 6 ) of the non-selective badrenoreceptor agonist isoprenaline as described previously [13] . Glycerol was measured and used as a lipolytic index. Mean fat cell size and weight were determined and the number of adipocytes in each incubation were calculated [13] . The lipolytic rate at the maximum effective agonist concentration was expressed in relation to cell number.
Genotyping. Genomic DNA was extracted from peripheral blood lymphocytes using standard methods [23] . The LIPE marker [16] is a (CA) n dinucleotide repeat, located in intron 7 of the human HSL gene and highly polymorphic (heterozygosity index 0.79). It was genotyped with radioactive polymerase chain reaction (PCR) using g-ATP end-labelled (Amersham Sweden AB, Solna, Sweden) forward primer (5 ¢ -CAAAACTGCACCTAATCTTCCC-3 ¢ ) and unlabelled reverse primer (5¢ -GTAGGCTGTGTTTCCCCAGACT-3 ¢ ). PCR was carried out as earlier described [16] but with the following changes: the reactions were done in a total volume of 15 ml with 16 mmol/l (NH 4 ) 2 SO 4 ; 67 mmol/l Tris (pH 8.8); 0.01 % Tween 20; 0.13 mmol/l dNTP; 1 mmol/l MgCl 2 ; 3% DMSO; 0.2 mmol/l of both primers and 0.5 U Taq polymerase (Perkin Elmer, Foster City, Calif., USA) using 21 ng of genomic DNA as template. The reactions were stopped with 95 % formamide buffer (1:1), denatured and applied onto a denaturing (5 % urea) 5 % polyacrylamide gel (acrylamide/bisacrylamide 19 : 1) and run at 50W for 3 h and 20 min.
Single-strand conformational polymorphism (SSCP). PCR was carried out with intronic primers for amplification of the coding HSL exons and the non-coding exon B located 1.5 kb upstream of the first coding exon (Table 3 ) [24] . For exons 1, 8 and 9, overlapping sets of 2 (exons 1 and 9) or 3 (exon 8) primers were used, as these exons were too large to be analysed in one fragment. A minimum distance of 25 bp between the intronic primer and exon border was used for all fragments. All the coding exons and the non-coding exon B were screened in 20 abdominally obese subjects with MSDR, and in 10 hypertriglyceridaemic subjects. In addition, 30 abdominally obese subjects with MSDR and 29 hypertriglyceridaemic subjects were screened for exons of putative functional importance: exon 6 encodes the serine of the catalytic triad and exon 8 encodes known phosphorylation sites [10, 18, 25] . In exon 4, a polymorphism (Arg309Cys) has been identified in a Japanese [26] , and thus 89 subjects were screened seeking to identify subjects with this polymorphism.
PCR was carried out with initial denaturation (96 C for 3 min) followed by 30 cycles of denaturation (96 C for 30 s), annealing (30 s, see Table 3 for variable annealing temperatures) and extension (72 C for 30 s), followed by final extension (72 C for 10 min). The reactions were done in a total volume of 20 ml with 16 mmol/l (NH 4 ) 2 SO 4 ; 67 mmol/l Tris (pH 8.8); 0.01 % Tween 20; 0.13 mmol/l dNTP; 1.5 mmol/l MgCl 2 ; 0.2 mmol/l of both primers; 0.5 mCi a-32 P-dCTP and 0.5 U Taq polymerase using 21 ng genomic DNA as template. Either 3 % DMSO, 1.5 % formamide or 5 % glycerol (Table 3) was used to increase PCR-sensitivity. The reactions were stopped with 95 % formamide buffer (1 : 1), denatured, cooled and electrophoresed on glycerol-free (35W for 3.5 h at 4 C) and 5 % glycerol (8W for 12 h at room temperature), nondenaturing 5 % polyacrylamide gels (acrylamide/bisacrylamide 49:1). When differences in band pattern were observed, PCR-products were sequenced bidirectionally using the ABI PRISM dye terminator cycle sequencing ready reaction kit (Perkin Elmer, Foster City, Calif., USA) and analysed on an automated sequencer (ABI, model 373, Perkin Elmer). Heterozygous variants were confirmed by using the restriction fragment length polymorphism-technique (PCR-RFLP). Using this procedure, the estimated degree of mutation detection is approximately 95 % in our laboratory.
Statistical analysis.
Differences in clinical characteristics were tested by Mann-Whitney nonparametric test statistics using the BMDP New System for Windows statistical package (Biomedical Data Processing, Los Angeles, Calif., USA). P-values of less than 0.05 were considered statistically significant. Allele frequency distribution was tested by c 2 -analysis, and alleles with expected frequencies of less than 5.0 were pooled to assure the validity of the c 2 -test. Extended TDT analysis was calculated using the ETDT software package 1.4 for multiallelic markers [27] , whereby logistic regression was done to estimate parameters for transmitted and non-transmitted alleles from heterozygous parents. With these parameters, log likelihood was calculated for the allele-wise and genotype-wise model and deviation from the null-hypothesis tested by the McNemar c 2 -test.
Results
Association study of the HSL LIPE marker with MSDR as the phenotype. In these subjects we defined 14 alleles for the HSL LIPE marker ( To exclude ethnic distortion we also carried out the analysis in the Botnia population only. We observed significant differences in allele frequency distribution between all Type II diabetic patients and control subjects (p = 0.007), between MSDR/Type II diabetic patients and control subjects (p = 0.010) and a smaller difference between nonobese Type II diabetic patients and control subjects (p = 0.06).
Extended transmission disequilibrium test (ETDT) in abdominally obese offspring. We genotyped 42 abdominally obese offspring and their parents for the HSL LIPE marker. Of these offspring 39 had a diabetic parent and the remaining three had at least one diabetic sibling. There were eighteen homozygous parents who were thus not informative for transmission of alleles. Transmission was informative for sixty-six parental alleles, and in this set of families eleven different alleles of the HSL LIPE marker were transmitted. Results from both the allele-wise (c 2 = 20.0, 10 d. f., p = 0.029) and the genotype-wise (c 2 = 35.1, 23 d. f., p = 0.052) model indicated that certain alleles were preferentially transmitted to abdominally obese offspring in families with Type II diabetes.
The result from the two models does not significantly differ (c 2 = 15.1, 13 d. f., p = 0.30). No individual allele explained the transmission disequilibrium, although allele 5 accounted for the greatest deviation from the expected transmission (p = 0.14, after correction for multiple comparisons).
Association study of the HSL LIPE marker with low lipolytic rate as the phenotype. The difference in allele frequency distribution (Table 5 ) of the HSL LIPE marker between subjects with high (n = 71) and low (n = 71) lipolytic activity did not reach statistical significance (c 2 = 8.6, 4 d. f., p = 0.072).
SSCP mutation screening in abdominally obese patients with MSDR. We did not identify any missense Data are n (%). Alleles with expected frequencies < 5 were pooled into one group (1±3, 9±11, 13) for the c 2 -analysis Data are n (%). Alleles with expected frequencies < 5 were pooled into one group (1±5, 9±11, 13±15) for the c 2 -analysis mutations in the HSL gene in 20 abdominally obese patients with MSDR. In one subject, however, a silent variant was found in codon 756 (exon 9), changing a GCC (alanine) to a GCT (alanine). Furthermore, in another subject we identified a variant changing a G to T in nucleotide + 41 of the non-coding exon B. These variants were confirmed by PCR-RFLP using restriction enzymes BcnI, (for the codon 756 variant) and MboI (for the position + 41 variant). The codon 756 variant was detected in one of 60 subjects screened, and the position + 41 variant in one of 30 subjects screened. No additional mutations were identified in the 10 hypertriglyceridaemic subjects screened for all exons. Neither did we detect any mutations in the 30 abdominally obese subjects or in the 29 hypertriglyceridaemic subjects screened for exons 4, 6 and 8. A polymorphism described previously in exon 4 of the HSL gene (Arg309Cys), seen in 5.2 % of Japanese control subjects [26] , could not be detected in 89 Scandinavian subjects.
Discussion
The allele frequency distribution of the HSL LIPE polymorphic marker showed a considerable difference between abdominally obese Type II diabetic patients with low HDL cholesterol and healthy control subjects. This was also true when we compared nonobese Type II diabetic patients without signs of MSDR and healthy control subjects, whereas no noticeable difference was observed between obese and nonobese Type II diabetic patients. Neither was there any important difference in the allele frequency distribution between nondiabetic subjects with features of MSDR and lean control subjects. This was also reported before [28] , and it could thus mean that the HSL LIPE polymorphism increases susceptibility to Type II diabetes rather than to abdominal obesity or MSDR. The intrafamily association study, however, could provide some more insight into the phenotype associated with the HSL gene. The ETDT study clearly showed distorted transmission of alleles to abdominally obese offspring in families with Type II diabetes. As abdominal obesity is a risk factor for Type II diabetes [8] , it seems likely that the LIPE marker in the HSL gene is in linkage disequilibrium with a gene increasing susceptibility to abdominal obesity and thereby possibly to Type II diabetes. The positive TDT-result also imply that there is some degree of linkage, suggesting that this locus may be close.
Given the association between the HSL gene and Type II diabetes, an association is also probable with impaired stimulation of lipolysis. Patients with familial combined hyperlipidaemia [14] and nonobese women with polycystic ovary syndrome [29] have markedly impaired catecholamine-induced lipolysis which at least in part is due to impaired function of HSL. When comparing individuals from the lowest with those from the highest tertile of lipolysis we observed a slight difference in allele frequency distribution between the groups (p = 0.07). Given the number of alleles at this locus, however, the comparison between these extreme groups detected no noticeable difference. On the other hand, when comparing groups below and above the median of the lipolytic rate there was no difference at all between the groups (p = 0.52). It is therefore still possible that a biallelic marker in the HSL gene could show an association with a low lipolytic rate.
The coding regions of the HSL gene and the noncoding exon B were screened for mutations in abdominally obese patients with MSDR using the SSCP technique. Despite the positive association between MSDR and the HSL gene, no missense mutations were identified. A silent mutation (Ala 756 GCC ® GCT) and a non-coding mutation (exon B, bp 41 G ® T) were found, but the prevalence of these mutations was very low.
Few previous studies have examined the role of the HSL gene in the development of obesity and MSDR. In a Japanese population, a polymorphism has been observed in the coding regions of the HSL gene [26] , changing an arginine to a cysteine in codon 309 (exon 4). It was present in 5.2 % of the control population, and there was no difference in the allele frequency between Type II diabetic patients and healthy subjects. Serum triglyceride and HDL-cholesterol concentrations were similar in subjects with either arginine or cysteine in this position, while total serum cholesterol concentration were higher in Type II diabetic subjects heterozygous for Arg309-Cys [26] . The polymorphism in codon 309 could not be identified in our study group. In a more recent study, a polymorphic marker in intron 6 of the HSL gene was associated with both obesity and Type II diabetes in a French population [28] .
In conclusion, our population and intrafamily association studies suggest that the LIPE marker in the HSL gene is in linkage disequilibrium with an allele and/or gene that increases susceptibility to abdominal obesity and thereby possibly to Type II diabetes.
(p = 0.38). Additionally, one patient with MSDR/Type II diabetes carried the C ® T/exon B variant, compared to none of the controls.
